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Formulas 

 

Notation 

 

t time in ISOweek 

p cold-winter, warm-winter, cold-summer, warm-summer 

l lag in ISOweek 

D Number of deaths 

B Baseline. Expected number of deaths, had there been no circulation of any of 
the pathogens (PAs) or excess temperatures (ET) 

AB Adjusted baseline. Expected number of deaths adjusted for indirect benign 
effects of circulation of other pathogens (PAs) and excess temperatures (ET) 

PAi Indicator of pathogen PAi 

PA+
i Indicator of direct attributable effect of pathogen PAi 

PA-
i Indicator for indirect benign effect of pathogen PAi 

ET Excess temperature 

s season, week 27 to week 26 the following year 

Φ Over dispersion parameter 

 

Regression model 

The full model, including lagged effects, can be written as: 

 

E(Dt) = Σi (Σs Σl β1,i,s,l*PAt,i,s,l) + Σp Σl β2,t,p,l*ETt,p,l + Bt 

 

where Bt, baseline, consists of an overall level (const), a linear trend, yearly and half-yearly 
seasonality: 

 

Bt = α0*const(=1) + α1*t + 

       α2*sin(2π*(365.25/7)*t) + α3*cos(2π*(365.25/7)*t) + 

       α4*sin(4π*(365.25/7)*t) + α5*cos(4π*(365.25/7)*t)  

 

A time series, multivariate, additive Poisson regression with overdispersion was used for 
estimation. 

 

Baseline 

Estimates of baseline E(Bt) were achieved using the full model to predict the expected number of 
deaths over the same time period, had there been no circulating PAs or ET i.e. predicting from the 
full model with all PAs and ET set to 0 (the indicator values, not the regression coefficients), 



thereby, using the full model covariances, i.e. correlations, between the baseline and the PAs and 
ET. 

The baseline residual variance is then: 

 

RV(Bt)  = V(observedt - Bt) 

= V(observedt) + V(Bt) 

= Φ*E(observedt) + V(Bt) 

= Φ*E(Bt) + V(Bt) 

 

where Φ is over dispersion and V(Bt) is the predicted regression variance. 

Baseline reference intervals can be calculated by E(Bt) ± z * √RV(Bt). 

 

PA and ET 

A conditional approach was also used for estimating deaths attributable to a PAj by predicting 
number of deaths had only that specific PAj been circulating. Done by setting all baseline variables 
(const, t, sin, cos) to 0 as well as PAj≠i = 0 and ET = 0, thus estimating deaths attributable to PAj. 

The same procedure can be used for ET, with all PAs set to 0, 

 

Adjusted baseline 

A baseline adjusted for ET and indirect benign effect of the PAs, E(ABt), was achieved based on 
the above estimates of weekly effect of the PAs, setting weeks with a positive effect to zero i.e. 
including baseline B, ET and PAs in weeks with a combined indirect benign effect, and again using 
the full model to predict expected number of deaths with the observed ET, and benign effects of 
the PAs. 

The residual variance for the adjusted baseline is: 

RV(ABt) = V(observedt - ABt) = Φ*E(ABt) + V(ABt) 

 

where Φ is over dispersion and V(ABt) is the predicted regression variance. 

Baseline reference intervals can be calculated by E(ABt) ± z * √RV(ABt). 

 

Adjusted PA and ET 

A conditional approach was also used to estimate number of deaths attributable to a PAj by 
predicting number of deaths had only that specific PAj had direct i.e. positive, effect on number of 
deaths. In practice this is done by setting all baseline variables (const, t, sin, cos) as well as ET, 
PA- and PA+

j≠i to 0. 

 

Cumulated numbers of attributable deaths 

Mean cumulated number of attributable deaths to for example PAi over w weeks: 

E(CPAi,w) = ΣwE(PAi,t=w) 

 

With independence between weeks i.e. no residual autocorrelation, the variance of the cumulated 
mean is: 

V(CPAi,w) = V(ΣwE(PAi,t=w)) = ΣwV(PAi,t=w) 

 

Likewise for the estimated adjusted attributable deaths. 
  



Indicators 

Figure S1. Indicators, severe influenza or pneumonia (GSIPLS) and severe COVID-19 (GSCLS) by 
age group and total. The whole estimation period and the 2019/10 winter season. 

 



Model outcomes 

 

Figure S2. Base model outcome 2014-W27 to 2020-W20 by age group and total. Influenza 
(GSIPLS) and COVID-19 (GSCLS) 

 



Figure S3. Adjusted baseline model outcome 2014-W27 to 2020-W20 by age group and total. 
Influenza (GSIPLS) and COVID-19 (GSCLS) 

 


